I.
INTRODUCTION
The Wireless Smart City (WSC) is one of the important components in Smart Grid and Internet of Things, attracting increasing attentions in the engineering field [1] [2] . With the advantage of distribution information aggregation and remote device management provided by thousands of sensors and controllers [3] [4] , potential challenges for the system design (such as large scale of network, limited resources, sensor heterogeneity, unreliability of changing topology, and data delay) are emerging as well. Field test provides an effective way for designers to accurately evaluate the whole system and gives powerful verification for the subsequent improvements.
Nevertheless, this method also spends huge amounts of engineering costs and retards the progress of WSC design, especially in the network of large scale or the complex geographical environment. More green technologies are required to realize the same function of field test in the network design.
With the development of computer-aided simulation technology, an increasing number of field tests are replaced by this method. A WSC design will be firstly tested in the computer by modeling the specific application. This kind of method is widely applied in variable applications which can highly reduce engineer cost as well as accelerate development efficiency. However, the most existing protocol level simulators are designed for the professional soft engineers major in the communication field, including OPNET, NS2, and OMNET+ [5] [6] . The experts in the other domains are difficult to master the usage just within a short training. And no suggestion can be acquired from the simulation because no optimization algorithm is included in the simulator.
Thus, the existing simulators are not able to perfectly take place of field test in WSN applications [7] . The development of simulators aimed to the specific field applications should take a long cycle and lack of universality.
In this paper, we propose a model based application level auxiliary platform for WSC design. It is a middleware between the real scenario and the existing simulator considering the complete application condition, and possessing a friendly user interface to simplify using difficulty for designers. To guarantee accurate and reliable evaluation of the real scenario, key information of WSC system should be abstracted by various models provided in the model libraries and translated into source files implemented in the corresponding simulator via the proposed platform. Furthermore, the system design is able to be automatic optimized according to the Yujie Liang, Rendong Ying, Peilin Liu, MODEL BASED APPLICATION LEVEL MIDDLEWARE FOR DESIGN designer requirements input into the platform. With the help of this kind of middleware, simulation of the real scenario becomes easy to be implemented for not only the software engineers but also the domain experts in other fields.
The organization of the lecture is as follows. After a general introduction of the necessary of common application simulation tools, the architecture of the proposed platform is presented and its components are introduced in detail in the next section. The models included in this platform are respectively described in Section III. Section IV gives the principle and the algorithm of network optimization. In Section V, the simulation environment, an example of real WSC, is firstly provided. As well, the performance evaluation and optimal deployment are given in this section. Finally the conclusion is given in Section VI.
II. PLATFORM ACHITECTURE a. Overview of the proposed platform
Performance evaluation is an important process during the design phase of WSC, which is closely related to the hardware architecture of physical nodes as well as the geographical environment of real scenario. Just a small change in physical feature of node or geographical environment can bring about a big difference of evaluation result or even the completely changing of them. Furthermore, computer aided tests implemented by different simulators focus on the different aspects of performance evaluation [5] , [6] , [8] .
What we proposed is to make the process of performance evaluation and optimization as general as possible, which means that the platform is designed separated from the architecture (physical node or geographical environment) of specific scenario. Model abstraction is a good solution to address this requirement. The objects in WSC (e.g. node, protocol, space interface, user traffic, and network deployment) are abstracted and stored in the model library in specific forms. The execution of simulation is independent on the poetries of system objects. Using friendly user interface, designer inputs the attributes of node (hardware and software parameter), protocol and network (network deployment, space interference, and user behavior). Unified form of data is exploited in the execution mechanism and transformed into the specific code source files for In these models, the radio propagation factor is the most interesting focus in the discussion of space distribution which is the biggest uncertain impact factor in all the field applications [7] [9].
As wireless radios have very tight constraints on power and bandwidth, lowering the limits on transmission power and signal attenuation is the best way to guarantee the system reliability. <network> <identification> <type></type><name></name><id></id> </identification> <characteristics> <node> <!…Import XML description of node…> <dimension> </dimension><type></type> </node> <obstacle> <dimension></dimension> <type></type><value></value> </obstacle> </characteristics> <behavior> <condition> <source_id></source_id><destination_id></destination_id> <frequency></frequency><op_num></op_num> <user_num></user_num> </condition> </behavior> </network> Attenuation through space obstacles must be considered in order to present a realistic model of communication channel with multiple obstacles in the simulation. Here, we give the examples of radio propagation considering air attenuation, space obstacle attenuation factor and interior decoration attenuation factor, respectively. A kind of semi-empirical algorithm is used during the course of channel modeling.
In free space, the power reaching the receiving antenna, which is separated from the transmitting antenna by a distance d, is given by the Friis free-space equation:
where G t and G r are the gain of the transmitting and the receiving antenna, respectively. P t and P r are the transmitted and received power, respectively. L is the system loss factor, not related to propagation. λ is the wavelength in meters. Path loss (PL) can be defined by [9] , [10]   10 log
In the real wireless channel, free space is not the appropriate medium. A general PL model uses a parameter, γ, to denote the power-law relationship between the separation distance and the received power. So, path loss can be expressed as [9] , [11] 
where d 0 is the received-power reference point. X σ denotes a zero-mean Gaussian random variable of standard deviation σ. γ=2 characterizes free space. However, γ is generally higher for wireless channels. In the villa, γ is measured as 2.74.
The floor and wall attenuation are seen as a mean path loss exponent that was a function of the number of floors or walls between source and destination [11] . If the distance between source and destination is much larger than the thickness of floor or wall, the factor of angle should be neglected. The path loss then takes the form [9]
where P, Q, S are the number of walls and floors, respectively. SPAF W , SPAF F , SPAF G are the attenuation factor of wall, floor, and glass partition, respectively. These three factors can be calculated from the measurements.
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The analysis of interior decoration attenuations is similar to that of space partition attenuations.
The only difference is that the impact factor of radio propagation angel can not be neglected because of the irregular shape of the decoration object. The path loss then is expressed as
where θ is the angle. IDAF is the attenuation factor of interior decoration. Considering that angel is related to the position of source and destination. The path loss also can take the form
Where x s , y s , x d , y d are x and y positions of source and destination, respectively. The case of continuous even distributed objects is specially considered in the RPM which requires a huge amount of calculations. According that the distance between any two objects is a constant, the attenuation through this kind of object array can be seen as the function of the distance interval d. The PL model with object array attenuation factor is
Translation function is aimed to provide an application interface for the simulators. As the types of source files in various simulators differ from one another, a library is necessary in the platform to make it easy to connect with these different simulators. Translation rules are included in library aimed to the corresponding simulator and may modified by the professional users with the change of simulator.
IV. OPTIMIZATION OF NETWORK DEPLOYMENT a. Performance Evaluation Metric
As the proposed platform is designed for field application, no complex performance evaluation metrics are commended in it. Simple and direct evaluation conclusions are pursuit by the field experts not major in the communication field. An evaluation metric, named RCT, is provided in this section in order to quickly estimate the performance of WSC in which reliability and timeliness are the two important requirements of control system. RCT is measured in terms of the Yujie Liang, Rendong Ying, Peilin Liu, MODEL BASED APPLICATION LEVEL MIDDLEWARE FOR DESIGN network reception rate, to estimate performances of the whole system. The network reception is defined how many percentage of packets sent can be received correctly and timely. In this definition, there are three conditions of packet reception: the first one is that the packet must arrive at the destination; the second one is that the received packet should be correct; and the third one is that the arrival time is less than the threshold value. In general, system fault in process of data exchange in WSC can be divided into two types: transmission failure and reception out of time. Transmission failure means that the packets are dropped by senders or routers. And reception out of time means that the arrival time of packet is larger than the threshold value. In the following, the arrival time threshold is set as 0.05s, which means that the packet arriving beyond 0.05s is seen as the reception out of time. Pr timeout is defined as the probability of timeout reception, which can be expressed as
where T is the arrival time threshold. T s is the simulation time. r recv (t) is the packet sending rate.
Packet recv is the packet number received by destinations in each time unit. Pr timely is the timely reception rate. And Pr failure is defined as the probability of sending failure, which can take the 
where Packet send is the number of packets expected to be sent to the destinations at a time unit.
Pr correctly is the correctly reception rate. the user requirements through some optimal algorithms. Designers have to firstly define the constraint conditions in the user interface, and then the deployment will be auto-adjusted to meet these conditions. Various sensitive variables exist in field application to impact performance [14] . A generation and an acceptance procedure for the different network configurations must be introduced during the process of such an algorithm, or, better, a perturbation method has to be defined allowing to pass from one configuration to another. The acceptance criterion is managed by a random number generator and a control parameter, called temperature. T_lower; end; end end avoiding the searches that move far from these regions but accepting with certain probability, also searches that worsen the solution. Slowly modifying of the temperature T drives the system toward the final solution, which corresponds to a local minimum of the objective function.
Metropolis algorithm is the core of this procedure. The value of exp(-ΔC/T) is a number in [0, 1] when ΔC and T are positive, which may be correctly understood as a probability dependent on ΔC and T . The cooling ratio of T represents the number of iteration executed for each value of the temperature, i.e., the length of the Markov chain in the Metropolis algorithm.
V. SIMULATION RESULTS AND ANALYSIS a. Simulation Environment
In this paper, we use this proposed platform to test the scenario of a 3-theroy villa building. A home WSC is equipped in a villa which is composed of 34 wireless nodes. The structure of villa building incorporating 300m 2 The number of traffic created by source nodes directly impacts the network load. The worst case is that all the source nodes deliver packets at the same time. How many source nodes are allowed to send control commands at one time should come into view. In this case, the end device G1 is selected as the optimal object which can be installed in six optional positions which are labeled as red circle in figure 10 . Source number is set as 8 and sending frequency is set as 5packet/s/source. Figure 9 (a) shows the system performance in different positions. The error rate of simulation is shown in figure 9(b) , the maximum value of which is within 3.2%. The optimization process is listed in Table 2 . The maximum number of optimization step is set as 6. The target RCT is set as 99%. The halt condition is that the number of outside loops is larger than that of optional locations. Firstly, the initial position of G1 is randomly selected from the six optional ones. Figure 10 shows the optimal result of network deployment. The 3D coordinates of the optimal location of G1 is (6.0m, 1.5m, 1.2m) which is labeled as red solid circle in figure 10 . 
